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REMARKS 

Conclusion 

Entry of the above amendments is earnestly solicited. An early and favorable first action 
on the merits is earnestly solicited. 

Should there be any outstanding matters that need to be resolved in the present 
application, the Examiner is respectfully requested to contact Charles Gorenstein (Reg. No. 
29,271 ) at the telephone number of the undersigned below, to conduct an interview in an effort 
to expedite prosecution in connection with the present application. 

If necessary, the Commissioner is hereby authorized in this, concurrent, and future replies 
to charge payment or credit any overpayment to Deposit Account No. 02-2448 for any additional 
fees required under 37.C.F.R. §§1.16 or 1.14; particularly, extension of time fees. 


Dated: _ A _ » 4^** Respectfully submitted 



Charles Gorenstein] 
Registration No.: 2<\2|71 
BIRCH, STEWART, KOLASCH & BIRCH, LLP 
8110 Gatehouse Road 
Suite 100 East 
P.O. Box 747 

Falls Church, Virginia 22040-0747 
(703) 205-8000 
Attorney for Applicant 
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Substitute Specification 
Marked-Up Copy 

Title: Microwave transmission unit including lightning protection 

Technical Field 

[0001] The invention relates to a microwave transmission unit, especially a 
microwave filter, and including a cabinet with a first coaxial connector and a 
second coaxial connector, where both coaxial connectors include an inner 
conductor and an outer conductor, said cabinet being made of a non-conducting 
material, such as plastics, and coated with a metal layer. 

Background Art 

[0002] Microwave filters are often in form of so-called cavity resonators where the 
resonances in a hollow cabinet are utilized for filtering specific frequencies. The 
cavity of the cabinet can be shaped in many ways. An input coaxial conductor 
conducts alternating currents with differing frequencies to a cabinet. Columnar 
resonators are provided in the cabinet, said resonators being of a length typically 
corresponding to one fourth of the wavelength of the frequency at which the filter 
is to operate. 

[0003] The inner conductor of the input coaxial connector is connected to an 
input resonator, and the inner conductor of the output coaxial connector is 
connected to an output resonator. A plurality of columnar resonators is arranged 
in the filter cavity between the input resonator and the output resonator, and at a 
first end these columnar resonators are secured to the bottom of the cabinet. 
Together with a so-called trimming screw, each columnar resonator defines a 
capacitor at its free ends. A turning of the trimming screw renders it possible to 
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adjust the capacitance and consequently the properties of the filter. When all the 
resonators are secured to the same surface, such as the bottom of the cabinet, 
the filters are called combline filters, and when all the resonators are alternately 
secured to two opposing surfaces, said filters are called interdigital filters. The 
outer conductor of both the input coaxial connector and the output coaxial 
connector is connected to the metal cabinet. 

[0004] A filter of the above type can be in form of a passive filter without an 
electric amplification, or it can be in form of an active filter where one of the 
resonators is connected to the input of an electric amplification circuit amplifying 
the signal, and where the output of the amplification circuit is connected to a 
subsequent resonator. 

[0005] The patent literature reveals many examples of such microwave filters. US 
4.091. 344 (Wavecom Industries) discloses a microwave filter of the combline 
type, and US 3. 818. 389 (Bell Telephone Laboratories) discloses a microwave 
filter of the interdigital type. 

[0006] Modern microwave filters are often manufactured with a cabinet and 
resonators of solid metal, and they are optionally formed integral by being milled 
out of a metal block. The microwave filter can be mounted outdoors on a building 
or an aerial mast for instance for mobile telephony, and accordingly said 
microwave filter is subjected to wind and weather and other environmental 
strains. Accordingly, it is of vital importance that the structure is strong. Strokes 
of lightning are particularly problematic because it must be possible to divert or 
conduct very strong lightning currents away from vulnerable components. The 
microwave filters on aerial masts are often mounted close to the aerial, a coaxial 
cable connecting the aerial to the coaxial input of the microwave filter. The filter 
only allows frequencies within a specific frequency band to pass, optionally in an 
amplified form, to the output coaxial connector while the remaining frequencies 
are filtered off. In connection with strokes of lightning, the lightning current runs 
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preferably on the outer side of the outer conductor of the coaxial cables. As the 
outer conductors of the coaxial connectors are directly connected to the metal 
cabinet of the filter, the lightning current can easily run from the outer conductor 
of the input coaxial connector, through the outer conductor of the output coaxial 
connector and further to the ground or vice versa without causing major damage 
to the components of the microwave filter. The metal cabinet presents often a 
material thickness of 1 to 10 mm. 

[0007] In order to reduce the price and the weight of the microwave filters of this 
type, said filters can be made of plastics, such as by way of moulding, where the 
plastic surface is subsequently coated with a metal capable of conducting the 
electric signals to be subjected to a filtering. The coating process can be in form 
of activation by means of palladium, autocatalytic deposition of nickel or copper 
followed by an electrolytic deposition of for instance silver. Such a metal coating 
is in practice often of a thickness of 5 to 200 /ym, which suffices completely for 
conducting aerial signals of an average effect of up to a few hundred watts. 
However, a strong lightning current can cause a damaging heating of the metal 
coating due to the relatively highohmic resistance and low heat capacity of said 
metal coating. 

[0008] US 5.502. 715 (Penny) discloses a microwave filter which can be made of 
metallised plastics. According to this publication the risk of potential damages 
caused by strokes of lightning can be reduced by grounding the ports of the filter. 
The microwave filter of this publication is in form of a diplex filter including a first 
coaxial connector and a second coaxial connector, where both coaxial 
connectors are used as input and output connectors, respectively. 

[0009] U.S. 5.508.873 discloses a surge protector for broadband coaxial 
systems, wherein the cabinet is made of metal or metallised plastics. It is not 
mentioned in this patent how the metallisation layer can be protected from a 
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strong lightening current running bet ween the outer conductors of the coaxial 
connectors and causing a damaging heating of the metallisation laver 

Description of the Invention 

[0010] The object of the invention is to improve the lightning protection of a 
microwave transmission unit of the above type. 

[0011] The object is according to the invention obtained by the metal coatinn of 
the cabinet being 5-200 um think and tho microwave transmission unit including a 
lightning conductor which is dimensioned so as to conduct lightning current 
without being damaged to any serious extent, and which is electrically connected 
to the outer conductor of the first coaxial connector and to the outer conductor of 
the second coaxial connecto r said lightning conductor includes a metal body of 
a cross-sect ional area of at least 10-200 mm 2 As a result, a lightning current 
running in an outer conductor of a coaxial connector connected to the first coaxial 
connector can be efficiently conducted to the outer conductor of a coaxial 
connector connected to the second coaxial connector or vice versa without 
causing damaging heatings of the relatively thin metal layer of the cabinet. 

[0012] According to an ombodimont of tho m i crowavo trancmiscion un i t 
according to t he invention, the lightning conductor may i ncludo includes a metal 
body of a cross-sectional area of at least 10 to 200 mm 2 . Such a metal body 
presents an electric resistance being suitably low for ensuring that far the major 
portion of the lightning current runs through said metal body and not through the 
metal coating of the cabinet. 

[0013] According to another embodiment of the microwave transmission unit 
according to the invention, the first coaxial connector and the second coaxial 
connector of the microwave transmission unit may be arranged at their 


4 


Application No.: 10/555,015 


Docket No.: 0091-0251 PUS1 


respective ends of the cabinet, where a cover for closing said cabinet includes 
the lightning conductor. 

[0014] According to an advantageous embodiment of the microwave 
transmission unit according to the invention, the cover is made of metal, such as 
aluminium, with the result that the cover can per se form the lightning conductor. 

[001 5] The thickness of the cover can for instance be 3 mm or more. 

[0016] According to an alternative embodiment of the microwave transmission 
unit according to the invention, the cover may be made of a non-conducting 
material, such as plastics, whereby the lightning conductor is in form of a metal 
body embedded in the non-conducting material. 

[0017] According to a preferred embodiment of the microwave transmission unit 
according to the invention, the lightning conductor may be electrically connected 
to the outer conductor of the first coaxial connector and to the outer conductor of 
the second coaxial connector by means of fittings which are screwed into the 
lightning conductor and flanges on the coaxial connectors by means of screws. 
The resulting embodiment is particularly simple. 

[0018] According to an embodiment of the microwave transmission unit 
according to the invention, the first coaxial connector and the second coaxial 
connector may be arranged at the same end of the cabinet and fastened to a 
common plate-shaped metal fitting forming the lightning conductor. The resulting 
embodiment is particularly simple. 

[0019] According to an alternative embodiment of the microwave transmission 
unit according to the invention, the lightning conductor may be in form of a 
mounting member for mounting the microwave filter on a structural part. 
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[0020] The lightning conductor presents preferably an electric resistance of max. 
1 mQ. 

[0021] The total electric resistance between the outer conductors of the coaxial 
connectors through the lightning conductor is preferably max. 0.1 mQ, most 
advantageously max. 0.01 mQ. 

[0022] Tho mota l coat i ng of tho cab i n e t can b e 5 to200, um th i ck. 

[0023] According to an embodiment of the microwave transmission unit 
according to the invention, said microwave transmission unit may be in form of a 
microwave filter of the cavity resonator type including columnar resonators 
formed integral with the cabinet. 

[0024] According to yet another embodiment of the microwave transmission unit 
according to the invention, the microwave filter may include a trimming plate of 
solid metal with threaded holes for trimming screws, where the ends of said 
trimming screws together with the resonators define capacitances, and where the 
trimming plate forms the lightning conductor. The resulting embodiment is 
particularly simple. 

Brief Description of the Drawings 

[0025] The invention is explained in greater detail below with reference to 
preferred embodiments illustrated in the drawing, in which Fig. 1 is a perspective 
view of a microwave filter according to the invention in the assembled state, 

[0026] Fig. 2 is an extended perspective view of the microwave filter of Fig.1 , 

[0027] Fig. 3 is a sectional view of a second embodiment of a microwave filter 
according to the invention, and 
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[0028] Fig. 4 is an extended, sectional, perspective view of the microwave filter of 
Fig. 3. 

Best Modes for Carrying Out the Invention 

[0029] Fig. 1 illustrates a first embodiment of microwave filter 1 according to the 
invention. The microwave filter 1 includes a cabinet 2, a cover 5, an almost 
invisible input coaxial connector 3 and an output coaxial connector 4. Here the 
cover 5 is made of solid metal and forms per se a lightning conductor. A fitting 12 
of metal plate is screwed by means of screws 19 into both the cover 5 and a 
flange 28 on the output coaxial connector 4, said flange continuing directly into 
the outer conductor of the output coaxial connector 4. Correspondingly, the input 
coaxial connector 3 is connected to the cover 5 by means of a fitting 12 at the 
invisible end. An earth screw 13 with nuts 20 screwed thereon is mounted in the 
cover 5 and can be used for connecting said cover to an aerial mast or the like by 
means of a cable. A mounting member 23 is screwed into the cover 5 and used 
for mounting the microwave filter on an aerial mast or the like. 

[0030] Fig. 2 is an extended perspective view of the microwave filter of Fig. 1. 
The cabinet 2 includes a cavity, cf. at the bottom of Fig. 2, and a plurality of 
columnar resonators 25, 26, 27 protrude into said cavity from the bottom of the 
cabinet 2. The inner conductor 6 of the input coaxial connector 3 is electrically 
connected to an input resonator 26, and the inner conductor 6 of the output 
coaxial connector 4 is connected to an output resonator 27. Both the input 
coaxial connector 3 and the output coaxial connector 4 include a dielectric 8 
between the inner conductor 6 and the outer conductor 7. A so-called trimming 
cover 9 is inserted between the cover 5 of the microwave filter and the cavity of 
the cabinet 2, said trimming cover 9 including a plurality of threaded holes with 
so-called trimming screws 11 screwed therein. These trimming screws 11 are 
placed directly opposite the resonators 25, 26, 27 in such a manner that a 
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capacitance is defined in the space between the free end of each trimming screw 
and the upper end of each resonator 25, 26, 27. An adjustment of the trimming 
screws 11 renders it possible to adjust the individual capacitances with the result 
that the properties of the filter can be adjusted. The trimming cover 9 can be 
made of metal or a metal-coated non-conducting material in order to establish an 
electric connection between the individual trimming screws 11 and the cabinet 2. 
The trimming cover 9 is secured to the cabinet 2 by means of trimming cover 
screws 15. 

[0031] So-called coupling screws 16 are also screwed into the trimming cover 9. 
Unlike the trimming screws 11, these coupling screws 16 are not positioned 
directly above the resonators 25, 26, 27, but in the spaces therebetween, and 
these coupling screws 16 are used for altering the "coupling" between two 
resonators. When the coupling screw 16 is positioned far down in the space 
between the resonators, said resonators 25, 26, 27 do not "see" one another 
corresponding to a "weak coupling". A trimming of the filter involves an 
adjustment of both the trimming screws 1 1 and the coupling screws 16, and such 
a trimming is often carried out manually. 

[0032] In the illustrated embodiment, the cover 5 used for closing the cabinet 2 is 
made of solid metal, such as aluminium, and as mentioned above the cover 5 is 
connected to the input coaxial connector 3 and the output coaxial connector, 
respectively, by means of a fitting 12. As a result, the cover operates as a 
lightning conductor with a particularly low ohmic resistance and inductance with 
the effect that lightning current running in the outer conductor of a coaxial cable 
connected to the input coaxial connector 3 can run through the fitting 12 to the 
cover 5, through the fitting 12 to the outer conductor 4 of the output coaxial 
connector and then further through the outer conductor of a coaxial cable 
connected to the output coaxial connector 4 or vice versa. Thus the metal coating 
on the inner sides of the cabinet 2 and on the resonators 25, 26, 27 and 
optionally the outer side of said cabinet 2 as well as the trimming cover 1 1 are 
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not subjected to a strong lightning current which can otherwise damage said 
coatings. 

[0033] In the illustrated embodiment, the cover 5 is made of solid metal. A strong 
bar of metal can optionally be embedded in a cover 5 offer instance plastics. The 
cover is secured to the walls of the cabinet 2 by means of cover screws 14. 

[0034] According to an alternative embodiment, the trimming cover 9 can be 
used as lightning conductor, said trimming cover optionally being made of metal 
plate and be connected to the outer conductor of the input coaxial connector 3 
and the outer conductor of the output coaxial connector 4 by means of suitable 
fittings. 

[0035] The cover 5 on the microwave filter shown in Figs. 1 and 2 presents a 
height so as to allow inclusion of electronics for instance for amplifying the signal 
filtered in the filter cavity. 

[0036] Mounting members 23 are secured to the cover 5 for securing the 
microwave filter to the wall of a building or to an aerial mast. 

[0037] As mentioned above, the lightning conductor can be formed by the cover 
5 provided said cover is made of solid metal, or by a bar embedded in said cover. 
According to a further embodiment, a mounting member for securing the 
microwave filter to a wall or to an aerial mast can extend in the entire length of 
the filter and be connected to the coaxial connectors 3, 4 by means of suitable 
fittings so as thereby to form the lightning conductor. 

[0038] Figs. 3 and 4 illustrate another embodiment of a microwave filter 
according to the invention. This microwave filter is a so-called passive filter, 
which does not include an electric amplification circuit or the like. Thus the cover 
5 is not as high as the cover of the embodiment shown in Figs. 1 and 2, and as 
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shown here this cover 5 can be in form of a solid metal plate. An active filter may 
be provided with the cover shown in Figs. 3 and 4, and the included electronics 
can be arranged at another location inside the cabinet. 

[0039] The fitting 21 connecting the flanges 28 of the coaxial connectors to the 
cover 5 is angular and include two webs 18, 24 arranged perpendicular to one 
another. One web 18 is screwed onto the flange 28, and the second web 24 
extends into a notch 22 in the cabinet 2 and is screwed onto the bottom side of 
the cover 5 by means of screws 10. This embodiment is advantageous by the 
cover 5 including an edge being too narrow for allowing screws to be screwed 
therein. 

[0040] As illustrated in Fig. 4, an earth screw 13 with an external thread is 
secured to the cover 5. An earth cable can be secured by means of nuts 20 so as 
to obtain an additional lightning protection. 

[0041] In both illustrated embodiments, the microwave filters are in form of so- 
called diplex filters. Thus both coaxial connectors can be used as both input and 
output. 

[0042] The invention is not limited to microwave filters, but deal also with other 
types of microwave transmission units. The unit can for instance be a supply unit, 
i.e. also called a "current injection unit", where the coaxial cable is utilized for 
supplying a supply current in addition to being utilized for transmitting 
microwaves. Thus the inner conductor can inside the unit be connected to a 
current source, an inserted capacitor ensuring that the current from the current 
source runs out of the unit in the correct direction. The invention may also deal 
with a so-called "coupler", where a minor portion of the microwaves are filtered 
off so as to be further processed or measured, and where the remaining 
microwaves leave the unit without having been subjected to a processing. 
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[0043] The cover of both embodiments can be dismounted and mounted again 
without involving a loosening of the coaxial connectors, which is particularly 
advantageous because the cover can be dismounted without risking affecting the 
signal path of the microwaves. 

[0044] The fittings 12, 21 connecting the outer conductors of the coaxial 
connectors to the lightning conductor, as well as the lightning conductor per se 
do not form part of the signal path of the microwaves through the microwave 
filter, and accordingly they do not affect the signal-processing properties thereof. 

[0045] The fittings 12, 21 and the screws 19 for mounting said fittings are 
preferably made of copper or another metal or metal alloy possessing a good 
electric conductivity. 

[0046] The contact resistance at the transition from the coaxial connector to the 
fitting and from said fitting to the lightning conductor must, of course, be as weak 
as possible. 

[0047] In the illustrated embodiments, the total inductance of the lightning 
protection path, viz. of the path of the lightning current through the fittings 12, 21, 
the screws 19 and the cover 15,16 is in the range of 0.5 to 2 nH. 

[0048] The cover of both embodiments is preferably made of a 3 mm thick 
aluminium plate. 

[0049] The fittings 12,21 are made of copper and are approximately 30 mm wide 
corresponding to the width of the flanges 28 on the coaxial connectors 3, 4, and 
they are approximately 0.5 to 2 mm thick. 

[0050] It is assumed that a lightning current of 100 kA caused by a stroke of 
lightning in an aerial mast propagates in such a manner that 50 kA runs through 
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the mast to the ground and the remaining 50 kA runs through the aerial cable to 
the microwave transmission unit, and therefore said microwave transmission unit 
must be able to tolerate such a current. Tests have shown that the illustrated 
embodiments can tolerate a current pulse of 50 kA without the unit being «, 
damaged. 

[0051] As the lightning conductor and the fittings are integrated parts of the unit, 
no postmounting or particular mounting of lightning protection is required. Such a 
postmounting or particular mounting of lightning protection can otherwise be 
rather time-consuming and difficult when the unit is to be mounted for instance 
on a mast. 

[0052] The earth screw described previously is electrically connected to the 
lightning conductor so as to provide an additional lightning protection. When the 
unit is mounted on a mast, a cable can connect said mast to the earth screw so 
as to provide a well defined current path for possible lightning currents not 
running in the coaxial cable. 

[0053] The illustrated embodiments include input coaxial connectors and output 
coaxial connectors at their respective ends, but the invention relates also to a 
microwave transmission unit where the input coaxial connector and the output 
coaxial connector are arranged at the same end. By the latter embodiment, the 
two coaxial connectors can be screwed into the end of the cabinet through a 
common mounting plate, which accordingly is connected to the outer conductors 
of the coaxial connectors and thereby form the lightning conductor. 
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